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Forty-one isolates of the cyanobionts in the coralloid roots of 31 cycad species, which include all the species 
indigenous to the Republic of South Africa, were identified. One isolate (from Encephalartos hildebrandtil) appears 
to be a species of Calothrix. All the other isolates were identified as species of Nostoc. Twenty-eight isolates 
were assigned to N. commune, five to N. punctiforme, two each to N. ellipsosporum, N. paludosum and N. 
sphaericum whilst one isolate was identified as N. muscorum. In the case of two cycad species, isolates were 
made from more than one individual. Of the 10 isolates from seven individuals of Encephalartos trans venosus 
eight were N. commune and two N. paludosum. One of the two isolates from Encephalartos manikensis was 
N. ellipsosporum and the other N. punctiforme. One isolate from each cycad species was shown to reduce acetylene 
to ethylene. One isolate from each of twelve cycad species was tested for its ability to fix 15N. All yielded positive 
results. Although the cyanobacteria in all the isolates tested for acetylene reduction were contaminated with other 
bacteria (which were not identified), it could be demonstrated that they did not contribute to the nitrogenase 
activity of the cyanobiont cultures. 
Een-en-veertig sianobiontisolate uit die koraalvormige wortels van 31 broodboomspesies, wat al die spesies wat 
inheems aan die Republiek van Suid-Afrika is insluit, is ge'identifiseer. Een isolaat (vanuit Encephalartos hildebrandtil) 
is skynbaar 'n Calothrix spesie. AI die ander isolate is as spesies van Nostoc ge·identifiseer. Agt-en-twintig isolate 
is as N. commune uitgeken, vyf as N. punctiforme, twee elk as N. ellipsosporum, N. paludosum en N. sphaericum 
en een as N. muscorum. Van twee broodboomspesies is isolate vanuit meer as een .individu gemaak. Van die 
10 isolate uit sewe Encephalartos transvenosus individue, is agt as N. commune en twee as N. paludosum uitgeken. 
Een van die twee isolate uit Encephalartos manikensis was N. ellipsosporum en die ander N. punctiforme. Een 
sianobiontisolaat van elke broodboomspesie is vir asetileenreduksie getoets terwyl een isolaat van elk van 12 
broodboomspesies vir 15N-binding getoets is. In al die gevalle is duidelike positiewe resultate verkry. Alhoewel 
al die isolate wat vir asetileenreduksie getoets is, naas sianobakteriee ook ander bakteriee, wat nie ge'identifiseer 
is nie, bevat het, kon daar aangetoon word dat laasgenoemde bakteriee nie tot die nitrogenase-aktiwiteit van die 
kulture bygedra het nie. 
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Introduction 
Dinitrogen-fixing Cyanobacteria (blue-green algae) live in a 
mutualistic symbiosis with a number of eukaryotic organisms. 
Associations are known to occur with diatoms, fungi, liver-
worts, ferns, gymnosperms and angiosperms (Stewart et al_ 
1983). In the gymnosperms the Cyanobacteria invade the 
coralloid roots and usually remain restricted to the intercellular 
spaces of a circular aerenchymatous band at the junction of 
the primary and secondary cortex (Wittmann et al. 1965; Grilli 
Caiola 1974). 
The Cyanobacteria present in the coralloid roots have been 
identified by various authors as belonging to the genera 
Anabaena or Nostoc (Reinke 1872; Grilli Caiola 1974, 1975, 
1980; Grilli Caiola & De Vecchi 1980). It is possible to isolate 
and establish cultures of the cyanobiont (Winter 1935; Wa-
tanabe & Kryohara 1963; Bowyer & Skerman 1968; Grilli 
Caiola 1972; Watanabe 1975) and it has been established that 
various morphological differences occur between the free-
living and symbiotic forms of the cyanobionts. The most 
important difference perhaps, is that akinetes (spores) appear 
to be absent during symbiosis (Grilli Caiola 1974, 1980)_ The 
morphology of the isolated cyanobionts can vary greatly with 
culture conditions (Grilli Caiola 1979; Grilli Caiola & Pellegrini 
1980) which complicates the proper identification of the 
cyanobionts. 
In this paper we report on the isolation into culture of the 
cyanobacterial endophytes from 31 cycads which includes all 
28 of the Encephalartos species that are indigenous to the 
Republic of South Africa, together with Stangeria eriopus. 
We demonstrate that all the isolates are capable of dinitrogen 
fixation and that, with one exception, they all belong to the 
genus Nostoc. Tentative identification of the cultured material 
at the species level is also provided. 
Materials and Methods 
Isolation of the cyanobionts 
Healthy fresh coralloid roots (ca. 2 g) which in cross section 
displayed a prominent cyanobacterial band were used. The 
roots were scrubbed free of soil under running tap water, 
blotted dry, cut transversely into 1 cm lengths and surface 
sterilized by immersing them in 80070 ethanol (2 min), rinsing 
in water, immersing in 2,5070 sodium hypochlorite (2 min) and 
finally rinsing (7 changes) with water. The cut surfaces were 
removed and discarded whereafter the remainder of each root 
segment was sliced transversely into sections 1 mm thick and 
suspended in 25 cm3 culture solution in a petri dish (diameter 
9 cm). After 30 min, when a considerable number of the 
cyanobionts had migrated into the water, a 1 cm3 aliquot of 
the cyanobacterial suspension was used to inoculate 25 cm3 
of liquid medium contained in a 100 cm3 conical flask. All 
steps were carried out under aseptic conditions. 
The isolates were incorporated into the National Institute 
for Water Research's Culture Collection and given the 
numbers in Tables 1 and 2. 
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Table 1 Specific assignments of the cycad 
Nostoc cyanobionts, according to classical 
taxonomy 
Cyanobiont species 
Nostoc commune Vaucher 
N. el/ipsosporum Rabenh. 
N. muscorum Ag. 
N. paludosum Kiitz. 
N. punctiforme (Kiitz.) 
Hariot 
N. sphaericum Vaucher 
Culture collection number of the 
National Instit. for Water Research, 
C.S.l.R., Pretoria 
WR 101; WR 102; WR 104; WR 105 
WR 109; WR 111; WR 113; WR 114 
WR 116; WR 117; WR 118; WR 119 
WR 143; WR 144; WR 145; WR 146 
WR 149; WR 152; WR 153; WR 155 
WR 156; WR 157; WR 158; WR 160 
WR 161; WR 162; WR 163 ; WR 164 
WR 103; WR 147 
WR 148 
WR 154; WR 159 
WR 106; WR 107; WR 108; WR 112; 
WR 151 
WR 110; WR 150 
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Culture procedures, maintenance and examination of 
isolated cyanobionts 
The isolated cultures were routinely maintained on a nitrogen-
free modification of Yolk & Phinney's (1968) culture medium 
with the following composition: MgS04.7H20 40,55 mg 
dm -3; K2HP04 5,06 mg dm -3; Ca3(P04)2 21,03 mg dm -3; 
CaCh.2H20 147 mg dm- 3; Na2C03 100 mg dm- 3; NaFe-
EDT A 1,2 mg dm - 3 and 1 cm3 dm - 3 of a rnicroelement 
mixture (Allen 1968) containing in g dm - 3 : H3B03 2,86; 
MnChAH20 1,81; ZnS04.7H20 0,222; Na2Mo04.2H20 
0,391; CuS04.5H20 0,079 and CO(N03)2.6H20 0,0494. For 
cultivation on solid media, the above culture medium and agar 
were autoclaved separately at double strength and aseptically 
mixed at between 40 and 45°C to give a final agar concen-
tration of 10J0 (m/ v) before pouring plates (Allen 1968). 
Cultures were maintained on either liquid or solid medium 
at room temperature and daylight (room) illumination. A set 
of cultures was also maintained at room temperature on a 
light box consisting of a mixture of daylight and Grolux 
fluorescent tubes giving an irradiance of approximately 30/! 
Table 2 Rate of acetylene reduction by cultures of the cyanobionts and contaminating bacteria isolated 
from cycad coralloid roots 
mm3 C2H4 formed per h by cyanobiont culture 
containing 1 g of cyanobacterial dry mass 
Supernatant of 
bCulture Whole culture Whole culture centrifuged culture 
Cycad host species Cyanobiont species No. in light in dark in light 
Encephalartos altensteinii Lehm. Nostoc ellipsosporum Rabenh. WR 147 1070 20(2)C 0 
E. arenarius R.A. Dyer N. commune Vaucher WR 146 770 0 170(22)C 
E. caffer (Thunb.) Lehm. N. commune Vaucher WR 155 240 0 0 
E. cupidus R.A. Dyer N . commune Vaucher WRIII 320 0 10(3) 
E. cycadifolius (Jacq.) Lehm. N. commune Vaucher WR 113 960 70(7) 10(1) 
E. eugene-maraisii Verdoorn N. commune Vaucher WR 160 550 0 0 
E. ferox Bertol. f. N . commune Vaucher WR 162 600 20(3) 90(15) 
E. friderici-guilielmi Lehm. N . commune Vaucher WR 158 410 10(2) 0 
E. ghellinckii Lem. N . commune Vaucher WR 157 290 0 20(7) 
E. heenanii R.A. Dyer N. commune Vaucher WR 145 190 0 0 
aE. hildebrandtii A. Braun & Bouche Calothrix sp. WR 115 580 10(2) 30(5) 
E. horridus (Jacq.) Lehm. Nostoc commune Vaucher WR 156 110 10(9) 0 
E. humilis Verdoorn N. commune Vaucher WR 114 970 20(2) 0 
E. inopinus R.A. Dyer N. punctiforme (Kiitz.) Hariot WR 106 660 0 0 
E. laevifolius Stapf & Burtt Davy N. commune Vaucher WR 102 230 40(17) 10(4) 
E. lanatus Stapf & Burtt Davy N . commune Vaucher WR 161 840 0 0 
E. latifrons Lehm. N. punctiforme (Kiitz.) Hariot WR 107 440 50(11) 0 
E. lebomboensis Verdoorn N. commune Vaucher WR 105 490 0 0 
E. lehmannii Lehm. N. commune Vaucher WR 152 590 30(5) 0 
E. longifolius (Jacq.) Lehm. N. commune Vaucher WR 109 1410 10(7) 0 
aE. manikensis Gilliland N. punctiforme (Kiitz.) Hariot WR 108 430 0 0 
E. natalensis R.A. Dyer & Verdoorn N. sphaericum Vaucher WR 150 440 0 0 
E. ngoyanus Verdoorn N. punctiforme (Kiitz.) Hariot WR 112 220 60(27) 0 
E. paucidentatus Stapf & Burtt Davy N. commune Vaucher WR 101 380 20(5) 0 
E. princeps R.A. Dyer N. commune Vaucher WR 149 340 10(3) 0 
E. transvenosus Stapf & Burtt Davy N. commune Vaucher WR 116 340 30(9) 0 
E. trispinosus (Hook.) R.A. Dyer N. commune Vaucher WR 104 190 0 10(5) 
E. umbeluziensis R.A. Dyer N. commune Vaucher WR 153 110 0 0 
E. villosus Lem. N. sphaericum Vaucher WR 110 800 0 0 
E. woodii Sander N. punctiforme (Kiitz.) Hariot WR 151 1360 20(1) 0 
Stangeria eriopus (Kunze) Nash N. muscorum Ag. WR 148 200 0 0 
aExotic to the Republic of South Africa 
bCulture collection number of the National Institute for Water Research of the Council for Scientific and Industrial Research, Pretoria. 
cValue for whole culture in the dark expressed as a percentage of value obtained for whole culture in the light 
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E m - 2S - 1 at the surface of the cultures with a light: dark 
regime of 16 h: 8 h. Under these conditions it is necessary 
to transfer the cultures to fresh medium every 4 to 6 weeks. 
Cultures were examined with a Zeiss research microscope 
equipped with an Olympus PM-WAD automatic camera. 
Acetylene reduction 
Two months after the cyanobionts were isolated, they were 
tested for nitrogenase activity by the acetylene reduction 
method (Hardy et al. 1968) as follows: Each culture (ca. 
25 cm3) was divided into three equal portions of which one 
was centrifuged at 5000 g for 5 min. A loopful of the 
supernatant which was assumed to be cyanobacteria-free was 
streaked over each of two petri dishes (9 em diameter) 
containing nitrogen-free agar media - one developed for 
culturing Azotobacter spp. and the other for Beijerinckia spp. 
(Jensen 1954). Because very little growth occurred during the 
first 2 weeks of incubation at 27°C in the dark, they were 
incubated for a month whereafter the lid of each petri dish 
was replaced by a perspex plate with a circular rubber seal 
which was clamped gastight onto the petri dish. The perspex 
plate contained a hole which accommodated a rubber serum 
bottle stopper. Through this stopper 8 cm3 acetylene (about 
10070 of the dish's gasvolume) was introduced and thoroughly 
mixed with the air in the dish by syringe. A 2,5 cm3 gas sample 
was withdrawn and stored in a serum bottle (2,5 cm3) by 
displacement of water (Grobbelaar & Rosch 1981) for gas 
chromatographic analysis. After the gas in the dish was 
brought to atmospheric pressure, the dish was incubated in 
the dark at 27°C for 2 h before another 2,5 cm3 gas sample 
was withdrawn. The gas volume of the petri dish was deter-
mined by the method of Grobbelaar & Meyer (1986). 
The two uncentrifuged culture aliquots were incubated in 
40 cm3conical flasks as was the remainder of the supernatant 
of the centrifuged aliquot of the original culture. The flasks 
were sealed with rubber serum bottle stoppers and 4 cm3 
acetylene added per flask whereafter a 2,5 cm3 gas sample 
was withdrawn, the flasks brought to atmospheric pressure 
and incubated for 2 h at 27°C before another 2,5 cm3 gas 
sample was withdrawn from each flask and the flask's gas 
volume determined. One of the two flasks containing the 
uncentrifuged culture was incubated in the dark while the 
other two flasks of each culture were kept in light. Cool white 
fluorescent tubes were used as light source from below the 
flasks and the irradiance at the cultures' level was about 
100 IJ.E m- 2 S - I. 
The dry mass of the Cyanobacteria within the two flasks 
containing the uncentrifuged culture was determined by 
filtration through dried and weighed Whatman no. 42 filter 
paper (42,5 rom diameter) with suction, and drying the paper 
at 80°C before reweighing it. 
The ethylene concentration of the gas samples was deter-
mined by gas chromatography (Grobbelaar et al. 1986). 
15N-fixation 
Liquid cultures of 12 of the isolates, taken at random, were 
used in an 15N-experiment similar to the one described for 
coralloid roots (Grobbelaar et al. 1986). The cultures had been 
set up three weeks previously and 10 cm3 of each culture was 
exposed to 15N in a 25 cm3 round bottom flask. The gas 
mixture consisted of 20% oxygen, 30% nitrogen (82 atom 
% 15N) and 50% argon. The cultures were exposed to the 
15N-enriched atmosphere for 20 h and were illuminated 
continuously as described above for the acetylene reduction 
experiment. 
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Results 
Taxonomy of the Cyanobionts 
The original illustration of a cyanobiont present in the 
coralloid roots of cycads was given by Reinke (1879) who 
examined roots of Cycas, Ceratozamia, Dioon and Ence-
phalartos. He diagnosed the cyanobiont as an Anabaena sp. 
The cyanobiont subsequently became known as A. cycadeae 
Reinke (see Geitler 1932 p. 899). Hariot (1892), however, was 
of the opinion that the endophyte present in the root nodules 
of Cycas spp. and Zamia spp. is Nostoc punctiforme. Sub-
sequent authors have used both the genera Anabaena and 
Nostoc when describing the endophyte (Fritsch 1945; Stewart 
et al. 1983). 
In order to name the cyanobionts, the present day inves-
tigator has three taxonomic systems to choose from (Fried-
mann & Borowitzka 1982). They are the traditional system 
represented by Geitler (1932) and his followers, the drastically 
reduced system of Drouet (1981) and the system based on 
pure cultures of Cyanobacteria by Rippka et al. (1979). The 
latter system classifies organisms only to the genus level. 
According to Drouet's (1981) system all the isolates except 
WR 115 can be identified as Nostoc commune. We cannot 
agree with this oversimplification and in the descriptions below 
we have attempted to name the cyanobionts according to the 
traditional system using descriptions and keys by Fremy 
(1929), Geitler (1932), Desikachary (1959) and Starmach 
(1966). Only more detailed future studies of the isolates will 
eventually prove or disprove the correctness of the generic and 
specific assignments given below. 
Generic assignments 
Following the distinctions made between Anabaena and 
Nostoc according to Ripkka et al. (1979),40 of the 41 isolates 
can be readily assigned to the genus Nostoc on the basis of 
the formation of hormogonia which are distinguishable from 
mature trichomes. All of the species of Nostoc described here 
also show to a greater or lesser degree, a characteristic 
nostocacean development cycle (Kantz & Bold 1969; Lazaroff 
1973) which is absent from Anabaena. 
Only one strain could not be placed in the genus Nostoc 
and this was strain WR 115, from E. hildebrandtii, which 
develops a tapering mature trichome with a terminal heterocyst 
(Figure 1). This strain should be assigned to the genus 
Calothrix. No further attempt was made to give a specific 
assignment to this strain. 
Specific assignments 
The variety of forms and types present amongst the various 
Nostoc isolates have been classified into six species listed in 
Table 1 and illustrated in Figures 2 to 16. Twenty-eight of 
the isolates could be accommodated in the description of 
N. commune given in Geitler (1932), Desikachary (1959) and 
Starmach (1966). Figures 2 to 8 illustrate the morphological 
variation within the species. 
Ten of the cultures listed in Table 1 (WR 116, WR 117, 
WR 118, WR 119, WR 143, WR 144, WR 154, WR 159, 
WR 163, WR 164) were isolated from seven individuals of 
E. transvenosus. Of these, WR 143, WR 154, WR 159 and 
WR 163 were isolated from four different coralloid root 
clusters of a single plant. Eight of the ten isolates were assigned 
to N. commune while two (Figures 12 & 13) were found to 
agree closely with the description of N. paludosum. It should 
be noted that of the four cultures that were obtained from 
one E. transvenosus individual, two (WR 143; WR 163) were 
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identified as N. commune whilst the other two (WR 154; 
WR 159) are considered to be N. pa/udosum. 
The only other cycad species for which more than one 
S.-Afr. Tydskr. Plantk., 1987,53(2) 
isolate was made is E. manikensis. Isolate WR 103 from one 
plant was identified as N. e/ipsosporum and the other (WR 
108) from a different plant as N. punctiforme. 
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Figures 1- 8 Cyanobacteria isolated from coralloid roots of Cycads . 1. Calothrix sp. WR 115 (bar = 20 /lm). 2. Nostoc commune WR 101, 
grown on agar, coiled filaments and aseriate clumps (bar = 100 /lm). 3. N. commune WR 101, punctiform aseriate stage and Anabaena-
like filaments (bar = 20 /lm). 4. N. commune WR 102, release of a hormogonium from a typical N. commune coiled stage (bar = 20 /lm). 
S. The same culture showing punctiform development (bar = /lm). 6. N. commune WR 105, various colonial forms (bar = 100 /lm). 7. N. 
commune WR 109 aseriate colonies (bar = 20 /lm). 8. N. commune WR 145 aseriate colonies (bar = 100 /lm). 
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The description of N. punctiforme best fitted five of the 
isolates (Figures 14 & 15) while the two isolates assigned to 
N. sphaericum closely resemble the N. sphaericum isolated 
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by Pankow & Martens (1964) from the liverwort Blasia pusilla 
(Figure 16). 
Akinetes were occasionally observed in the two N. 
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Figures 9-16 Cyanobacteria isolated from coralloid roots of Cycads. 9. Nostoc ellipsosporum WR 147, long filaments with heterocysts and 
akinetes (bar = 20 ~m). 10. N. muscorum WR 148, straight and coiled filaments, with numerous akinetes (bar = 40 ~m). 11. N. muscorum 
WR 148, akinetes (bar = 20 ~m). 12. N. paludosum WR 154 (bar = 20 ~m). 13. N. paludosum WR 159 with a chain of akinetes (arrow) 
(bar = 20 ~m). 14. N. punctiforme WR 106, grown on agar with numerous hormogonia (bar = 100 ~m) . 15. N. punctiforme WR 108, mature 
culture (bar = 20 ~m). 16. N. sphaericum WR 150 (bar = 20 ~m) . 
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paludosum isolates (Figure 13), but only three of the isolates 
readily fonned abundant akinetes in culture - they are 
WR 103, WR 147 and WR 148. The first two agree most 
closely with the description of N ellipsosporum (Figure 9) 
while the last one, isolated from Stangeria eriopus, resembles 
some of the stages of N muscorum as described by Lazaroff 
(1973). In culture N muscorum (WR 148) has not yet been 
observed to develop a truly aseriate stage (Figure 10). It does 
form akinetes (Figure 11) which agrees with descriptions in 
the classical taxonomic texts. 
Acetylene reduction 
All 31 isolates listed in Table 2 reduced acetylene to ethylene 
at significant rates [110 to 1410 mm3 C2~ formed (g cyano-
bacterial dry mass) - 1 h - I] in the light. For 15 cultures, no 
acetylene reduction could be detected in the dark. For the 
remaining 16 cultures the rate of acetylene reduction in the 
dark was low, varying from 10 to 70 mm3 C2~ formed 
(g cyanobacterial dry mass) - 1 h - 1 which represents 1070 to 
27% of the corresponding values obtained in the light. Only 
eight of the cultures upon centrifugation yielded supernatants 
which, in the light, reduced acetylene to ethylene - the rates 
being low [10 to 170 mm3 C2~ fonned (g cyanobacterial dry 
mass) - 1 h - I] and representing 1 % to 22% of the values of 
the corresponding uncentrifuged cultures in the light. 
Bacterial growth occurred in the dark on all the agar plates 
that were inoculated with aliquots of the supernatants of the 
cultures listed in Table 2. Although no attempt was made to 
identify the bacteria, superficially they all appeared to be 
similar and to grow at approximately the same slow rate on 
both the nitrogen-free media. In no case did they reduce 
acetylene to ethylene in detectable amounts despite the fact 
that after a month, the colonies were well developed but not 
yet stale. 
15N-fixation 
The 12 cultures listed in Table 3 all fixed 15N at high rates 
in the light. At the end of the incubation period their nitrogen 
Table 3 15N-enrichment of cyanobacterial cultures 
isolated from cycad coralloid roots during a 20-h 
exposure in light at 2rC to an atmosphere containing 
80% atom % 15N under aerobic conditions 
Cycad species from which 
Cyanobacteria was isolated 
Encephalartos altensteinii 
Lehm. 
E. arenarius R.A. Dyer 
Cyanobiont species 
Nostoc ellipsosporum 
Rabenh. 
N. commune Vaucher 
E. eugene-maraisii Verdoorn N. commune Vaucher 
E. ferox Bertol. f. N. commune Vaucher 
E. horridus (Jacq.) Lehm. N. commune Vaucher 
E. lanatus Stapf & Burtt Davy N . commune Vaucher 
E. lehmannii Lehm. N. commune Vaucher 
E. natalensis R.A. Dyer & N. sphaericum Vaucher 
Verdoorn 
E. princeps R.A. Dyer N. commune Vaucher 
E. transvenosus Stapf & Burtt N. commune Vaucher 
Davy 
3,780 
4,442 
0,511 
4,768 
2,880 
0,367 
4,824 
5,490 
2,929 
1,619 
E. umbeluziensis R.A. Dyer N. commune Vaucher 1,109 
E. woodii Sander N. punctiforme (Kiitz.) 
Hariot 0,189 
S.-Afr. Tydskr. Plantk., 1987, 53(2) 
contained 0,189 to 5,490 atom % 15N excess which is con-
siderably more than the 0,015 atom % 15N excess which is 
usually considered to be the threshold value for significance 
(Virtanen et al. 1954) in studies of this nature. 
Discussion 
Whereas the cyanobacterial endophyte of the coralloid roots 
of the cycads tended to be identified as Anabaena species by 
the early workers (Reinke 1872; Spratt 1915), subsequent 
workers usually identified them as Nostoc species (Winter 
1935; Lhotsky 1946; Watanabe & Kiyohara 1963; Bowyer & 
Skerman 1968; Grilli Caiola 1974, 1975, 1980; Grilli Caiola 
& De Vecchi 1980). In the present study 40 of the 41 isolates 
from 31 different cycad species all appear to be Nostoc species. 
The remaining isolate appears to be a Calothrix species. 
Of the 40 Nostoc isolates, 28 appear to be N commune, 
five N punctijorme, two each N ellipsosporum, N palu-
dosum and N. sphaericum with only one isolate apparently 
being N muscorum. 
Of these species N punctijorme has been recognized by 
Winter (1935) as the cyanobiont of cycads whilst Grilli Caiola 
(1974) was of the opinion that the cyanobiont of Macrozamia 
communis has 'some features of Nostoc commune.' Wata-
nabe & Kiyohara (1963) called the cyanobionts of both E. 
horridus and E. villosus N cycadae. The authority of 'N 
cycadae' is not known to us. Kantz & Bold (1969) identified 
an isolate from Cycas roots as N. ellipsosporum. This report 
therefore appears to be the first one in which N muscorum, 
N paludosum, N sphaericum and a Calothrix species have 
been identified as cyanobionts of cycads. 
Examining cyanobionts from various cycads growing in 
different localities over a period of months, Grilli Caiola (1980) 
concluded that there is a single cyanobiont species for any 
given cycad. Our data from E. transvenosus and E. manni-
kensis do not support her conclusion. Furthennore the cyano-
biont in both E. altensteinii and E. cycadijolius has previously 
been identified as N punctijorme (Winter 1935) but our 
identifications are N . ellipsosporum and N commune re-
spectively. An isolate from E. horridus has been identified 
by Kantz & Bold (1969) as N commune which agrees with 
our identification. In contrast to our identification of Calothrix 
sp. as the cyanobiont in E. hildebrandtii an Anabaena sp. 
was found by Spratt (1915). 
The range of morphological fonns shown by Nostoc 
complicates identification and a correct identification is in 
many cases only possible after careful examination of cultures 
showing all the different stages of the nostocacean life cycle. 
Difficulties in identification are further illustrated by Bergman 
& HaIlbom (1982) who claim that a Nostoc cyanobiont 
isolated from the lichen Peltigera canina resembles both N 
sphaericum and N punctijorme. 
Taking into account the difficulties of identification and 
the possibility of different interpretations in identification by 
different authors we believe that there is sufficient evidence 
to indicate that the symbiotic relationship is not host specific 
in the sense that generally speaking only one particular 
cyanobacterium species can act as the endophyte to individuals 
of a particular cycad species. We also believe that the earlier 
identifications of Anabaena spp. as the cyanobiont need to 
be confinned by more modern observations. Although some 
of the early workers (Schneider 1894; Life 1901; Bottomley 
1909; McLuckie 1922) claim that in addition to Cyanobacteria, 
other bacteria also inhabit the coralloid roots of cycads, 
subsequent workers (Schaede 1944; Wittmann et al. 1965; 
Grilli Caiola 1974, 1975) specifically mention that no bacteria 
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other than Cyanobacteria were observed as endophytes by 
them. The presence of large amounts of phenolic compounds 
in the cortical cells surrounding the cyanobiont zone (Obu-
kowicz et al. 1981) may inhibit the development of other 
microorganisms, after the establishment of the symbiotic 
relationship. 
In the present study all cyanobacterial isolates were found 
to contain other bacteria. As we used aseptic techniques it 
would therefore appear possible that the cyanobiont may be 
accompanied by other bacteria within the coralloid root. 
Critical work in this regard must however still be done. Our 
results strongly indicate that the contaminating bacteria do 
not reduce acetylene to ethylene and therefore probably do 
not flx dinitrogen. It is well established that dinitrogen flxation 
in Cyanobacteria is light-stimulated (Bothe 1982) and the 
higher flxation rates that we obtained in the light, conflrm the 
presence of cyanobacterial nitrogenase. The low rates of 
acetylene reduction in the light that was observed in some of 
the culture supernatants after centrifugation, are probably due 
to the presence of some cyanobacterial cells which were not 
successfully sedimented by the centrifugation, because none 
of these supernatants yielded agar cultures in the dark which 
reduced acetylene. 
It is interesting that the acetylene reduction rates that were 
recorded for the 21 cultures of Nostoc commune varied from 
llO to 14lO mm3 C2~ formed (g dry mass) -I h - I. This 
variation exceeded all interspecific differences. 
Additional evidence of nitrogenase activity in the isolates 
were obtained for twelve of the cultures in a separate expe-
riment in which they fixed 15N at high rates. Because this 
experiment was carried out before the identity of the isolates 
was established, only four (Nostoc commune, N. ellipso-
sporum, N. punctijorme and N. sphaericum) of the seven 
isolated endophyte species happened to be included in the 15N 
experiment. Of the 12 isolates tested, nine were subsequently 
identifled as N. commune. It is interesting that their dinitrogen 
fixing activity varied considerably (0,367 to 4,824 atom 070 
15N excess). 
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